The Journal's Impact Factor is an appropriate measure of recent concern rather than an effective measure of long-term impact of journals. This paper is mainly to find indicators that can effectively quantify the long-term impact of journal, with the aim to provide more useful supplementary information for journal evaluation. By examining the correlation between articles' past citations and their future citations in different time windows, we found that the articles which were referenced in the past years will yield useful information also in the future. The age characteristics of these sustained active articles in journals provide clues for establishing long-term impact metrics for journals. A new indicator: h 1 -index was proposed to extract the active articles with at least the same number of citations as the h 1 -index in the statistical year. On this basis, four indicators describing the age characteristics of active articles were proposed to quantify the long-term impact of journals. The experimental results show that these indicators have a high correlation with the journal's total citations, indicating that it is appropriate for these indicators to express the impact of the journal. Combining the average age of the active articles with the impact factors of journals, we found that some journals with short-term attraction strategies can also build long-term impact. The indicators presented in this paper that describe the long-term impact of journals will be a useful complement to journal quality assessment.
Introduction
In recent years, the number of scientific journals has increased dramatically, especially the number of highly specialized journals, which makes it necessary to have a method to assess the relative "quality" of these journals, and to rely on these relative quality data to determine the status of fund support and researchers and institutions. Since "quality" is difficult to be defined and recognized subjectively, objective indicators have developed into a symbol to replace "quality". At present, the most commonly used objective indicators are the impact factors of journals (Sebire 2008; Chi and Glänzel 2018) .
Originally devised in 1955 (Garfield 1955) and first published in its current form in 1972 by Clarivate Analytics's Web of Science (WoS), the journal impact factor (JIF) was primarily designed to help librarians decide on journal subscriptions but later evolved into an indicator of journal prestige and quality (Crookes et al. 2010; Kumaran and Ha 2017; Polit and Northam 2011 ). Garfield's journal impact factor characterizes the reaction of the scientific community to publications in journals, reflected in citations of all papers published in any given journal during the preceding 2 years, and normalized against all citable articles during the same period.
The main merits of JIF is that it is easy to calculate and can reflect the average citation number of recent publications in an academic field (Hsu et al. 2015) . But this advantage also makes JIF a measure of recent concern rather than an effective measure of long-term impact. This paper wants to know whether journals have more lasting quality and reflect their longer-term impact on related fields. This discussion of longterm impact is helpful to distinguish the contribution of a flash-in-the-pan or completely "wrong" paper to the academic community. This exploration is closer to a true understanding of the impact of published literature on the evolution of research. The reason is simple: in the long run, it will focus on quality. Combining the long-term impact with the short-term impact represented by JIF, we can explore whether the periodical has short-term attraction strategies to build long-term influence. This kind of exploration, for the editor, will take the long-term impact of her/his journal as the agent of its specific impact on the field, in order to understand the contribution of the journal to the field in the long run. Four related questions were proposed to detect how to build the journal metrics related to the long-term impact of scientific journals and whether these metrics could be good complement for journal evaluation.
Question 1 What articles published in scientific journals have long-term influences?
Can JIF help identify these articles? Question 2 Which indicators or whether there are indicators can measure the longterm impact of journals? Question 3 Are these indicators still applicable to journals with different JIFs and different ageing characteristics? Question 4 Are there any journals with good short-term attractive strategies that can build long-term influence?
The remainder of this paper is mainly intended to answer these questions. The "Related Work" section discusses the related work. The "Data" section describes the data used in the experiments. The "Experimental results and discussions" section gives the detailed experimental process for detecting and building the long-term impact of journals. The paper concludes with a summary of the overall discussion. Garfield (1955 Garfield ( , 1972 was the first person to refer to measuring the impact of scientific publications as a way of classifying and assessing the large number of scientific journals in print. Thus, the impact factor of the journals and their multiple variations, representing in a simplistic analysis, the mean of the citations of the published articles by a given journal in the 2 years following its publishing, has appeared. The method was originally devised to enable scientists and librarians to map the network of journals, and the development of particular issues, throughout the various disciplines, rather than as an index of their quality (Crookes et al. 2010) . However, JIFs are increasingly being used in academic, research, and grant funding arenas as a quality indicator of a journal within its field (Andrei et al. 2016; da Silva 2017; Mimouni et al. 2016; Tahamtan et al. 2016; Valderrama et al. 2018; Vinluan 2012; Yan et al. 2018; Yang et al. 2016) ; journals with higher JIFs are in general deemed to be more important than those with lower ones (Brembs et al. 2013; Eyre-Walker and Stoletzki 2013) . This application of the JIF is also widely extended to the evaluation of individual scientists (Bornmann and Williams 2017; Jacob et al. 2007; Goncalves et al. 2009; Mirnezami et al. 2016; Prozesky and Boshoff 2012; Racz and Markovic 2018; Sternberg 2018; Zou and Laubichler 2017) , with the JIF of the journals they have published in used as a precondition for grants or faculty promotion and tenure (Archambault and Larivière 2009; Fiala et al. 2017; Fuyono and Cyranoski 2006; Jung et al. 2017; Lindner et al. 2018; Packalen and Bhattacharya 2017; Smith et al. 2013) .
Related work
Although it is easily computed and can reflect the average number of citations that the recent publications in a certain academic field receive, the JIF has several limitations, including susceptible to extreme skewed distribution of citations to articles within journals (see, for example, Bogocz et al. 2014; Leydesdorff 2012 Leydesdorff , 2013 Opthof 1997; Prathap et al. 2016; Seglen 1997; Vinkler 2012) , the lack of consideration of selfcitations (see, for example, Hartley 2012; Hsu et al. 2015; Sangwal 2013; Tahamtan et al. 2016; van Raan 2012) , and a short evaluation period (Barker and Thyer 2005; Cameron 2005; Epstein 2004; Glänzel 2009; Glänzel and Moed 2002; Ha et al. 2006) , which would render it unsuitable for the academic fields that require long-term research (Leydesdorff 2008; McGarty 2000) . In fact, the discussion on the positive and the flaws or limitations of the impact factor dates from long ago (de Araujo and Sardinha 2011; Dempsey 2009; Editors 2006; Falagas et al. 2008; Garfield 1996 Garfield , 2001 Glänzel 2009 Glänzel , 2011 Glänzel and Moed 2002; Glänzel and Thijs 2018; McVeigh and Mann 2009 ), but still remains on the spotlight, as proved by many relevant and fairly recent articles (Antonoyiannakis 2018; Bornmann 2017; Campanario 2018; Fiala et al. 2017; Fischer and Steiger 2018; Rousseau 2016; Shen et al. 2018; Valderrama et al. 2018; Xia and Smith 2018; Yang et al. 2016; Yeung 2019; Yuen 2018; Yuret 2018) . As a consequence, several attempts have been made to improve the impact factor or to develop supplementary or even alternative journal indicators. Dorta-González and Dorta-González (2013) proposed to use the citation time window with the highest average number of citations (i.e., the most advantages period for each journal) to calculate JIF. It is a good idea to differentiate journals with their top influences in their life, but not a same good indicator to represent journals' current influence and long-term influence. Recognizing that it takes more than 2 years to disseminate and respond to published works in many disciplines, the ISI of Clarivate Analytics introduced a 5-year impact factor in 2007 (JCR 2008) . Using a 5-year window to calculate citations rather than a 2-year window seems to represent a more effective measure approaching to a longer influence, but a 5-year impact factor only extends the evaluation of journal's impact from 2 to 5 years, and remains a shorter-term measure that does not involve a measure of the lasting impact of a journal. In fact, JIF's computational interval and sample selection has made it independent of the long-term impact of the journal. Vinkler (2001 Vinkler ( , 2002 Vinkler ( , 2009a proposed an indicator of Current Contribution Index (CCI) to characterize the contribution of journal to the recent, relevant knowledge of a corresponding field or subfield. Compared with JIF index, CCI can study the recent impact of all relevant papers, rather than just recent published articles as JIF does, which can represent the long-term impact of a journal within well selected fields. However, CCI is limited by the number of papers published during the whole life time of the journal. Some journals may find it difficult to obtain high CCI values because of the volume of their publications. Nevertheless, these studies of CCI provide important guidelines for us to extract articles that are continuously active in journals by examining their recent impact.
Recently, it was suggested that the h-index, originally proposed by Hirsch (2005) "to quantify an individual's scientific output", can be usefully applied to the citation analysis of journals, as well (Braun et al. 2005 (Braun et al. , 2006 ). An h-index value of X is obtained if one journal has X publications that have all been cited at least X times. The h-index has become so popular that it is included as one of the standard indicators in Clarivate Analytics's WoS and Elsevier's Scopus less than 2 years after its formulation (Zhang et al. 2011) . Researchers stated that the flexible time frame and the computational method that emphasizes quality and quantity may benefit h-index to yield more valid depictions of journal quality (Bertoli-Barsotti and Lando 2017a; Glänzel 2008 Glänzel , 2010a Glänzel and Schubert 2010; Olden 2007; Saad 2006; Vanclay 2008) . Thus they suggested that h-index may be a better measure of journal quality than ISI impact factors (Bertoli-Barsotti and Lando 2017b; Harzing and van der Wal 2009; Romero-Torres et al. 2013 ).
There are, however, some main limitations of the h-index. First, the h-index may be related to all citations of journal articles since their publication date (Iglesias and Pecharroman 2007) . As time passes by, the h-index would only increase, and therefore, the journals that had been established earlier would tend to have higher h-indices (Hsu et al. 2015) . But increasing number of citations to the most cited articles would not increase the value of h-index. The second limitation of the h-index is that the calculated h-index must be an integer, which would lead to several journals having the same h-index. As a result, there would be no distinction among them (e.g. if Journal A, B, and C all had an h-index of eight, researchers would not be able to tell the differences among them) (Bador and Lafouge 2010; Hunt et al. 2010; Malesios 2016) . And, some top-ranking journals will have no chance to compete for the crown because of their small volume of publications (obviously, the h-index cannot be greater than the number of papers on which it is based) (Braun et al. 2006) . This in no way means degrading the importance of these journals, but it is indeed a limitation of the calculation process of the h-index.
Thus, the JIF and the h-index each have their own merits. Some scholars have asserted that they can complement one another (Bador and Lafouge 2010; Schubert and Glänzel 2007) . They stated that it is important to use multiple indicators, rather than just one, in evaluating the performance and influence of journals (Asnafi et al. 2017; Haghdoost et al. 2014; Mingers et al. 2012; Solarino 2012) . And, neither the impact factor nor the h-index involves a measure of the persistent impact of the journal. JIF is more focused on the impact of recent publications in journals, measuring the impact of journals in the short term. Although the h-index is not limited by time intervals, its calculation process relies on all citation frequencies from journal publication to statistical year, so it is more focused on measuring the cumulative impact of journals rather than the long-term impact of journals.
In this paper, we suggested a new measure by adding additional information about which articles would be still active to have continuous influence, and on this basis, we detected the long-term impact of journals. Using a similar calculation process as calculating h-index, this paper detected journal articles with high activity in a certain statistical year. The active articles extracted are not only active in the current statistical year, but also will remain active in the near future. So they can be used as an effective symbol of the lasting influence of the journal. By discussing the age characteristics of these active articles, we provided quantitative reference for measuring the long-term influence of the journal.
Data
The selection of journals in the present study was from journals under the "Information Science and Library Science" subject in the Journal Citation Report (JCR) of WoS. In order to obtain relatively stable and reliable results, the journals must have got JIF for 10 years from 2008 to 2017 in JCR. Besides this requirement, those journals that have published fewer than 500 total publications till to 2017 and those with fewer than 500 total citations reported in the 10 years (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) in JCR were also eliminated. These two constraints are sufficient to maintain the convincing conclusions of our experiments. Furthermore, those journals with total publications beyond 10,000 till to 2017 were also excluded because WoS doesn't provide the "citation report" function for these journals. As a result, we will not be able to obtain annual citation data for articles in these journals, which directly leads to the inability to obtain active articles and the inability to generate impact metrics based on active articles. Based on these criteria, we comprised a comprehensive consensus list of 36 journals for our experiments. Table 1 shows the basic information of 36 journals, including the abbreviations of journals, the JIF quartile interval in which journals are located, and the ageing interval for journals in 10 years (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) .
Several traditional citation indicators, including Journal Impact Factor (JIF), 5-Year Impact Factor (IF5), and Cited Half-Life (CHF) were collected from JCR (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) for these journals to make a comparison with the proposed indicators. We also used the function of "citation report" provided by WoS to collect the annual citation data for each article in journals in order to extract the active articles in journals.
Experimental results and discussions
Question 1 What articles published in scientific journals have long-term influences? Can JIF help identify these articles?
The lasting influence of an article can be seen as the ability of it to remain active to attract more future citations. Which time interval is more helpful in mining the articles with lasting influences? In the present study, two series of time windows were established to exploit the articles with lasting influences. Taking 2017 as the reference year, the citations obtained in this year is used to measure the ability of literatures to obtain future citations. The citations obtained in each independent and increasing time window for each article were calculated from the annual citation data of article. The citations articles obtained in year 2017 is taken to be their possibilities to be cited again in the near future. By taking the citations in year 2017 as a function of articles' past citations in different time periods, this study investigated the correlation between the past citations and new citations, and in which time window the past citations have the greatest impact on the future citation behavior of the articles. The Pearson's correlation coefficient is used to characterize this relationship. Among the 36 journals in the field of "Information Science and Library Science", we selected three journals to perform this investigation. They are Online Information Review, Information and Management and Journal of Informetrics. The reason for seeking out these three journals is that they respectively published more reviews, more articles and more letters among all the 36 journals by investigating the types of indexed articles in Web of Science. Figure 1 shows the results of these three journals. The correlation coefficient is decreasing continually under the independent time windows, showing that citations got longer ago do not make great influences on future citations of the articles. The results under continuous increasing time windows also show a clear decreasing tendency of correlation coefficient when enlarging the time windows. And the past citations got in the first continuous time window, that is the time window of T = 1, make the largest impact on new citations. These results indicate that the citations obtained in different time windows do have different effects on the future citation of articles. The more recent the citations, the greater the effect will be. It indicates that the citations obtained in the past year can better predict article's citation behavior in the near future. In other words, the articles got larger citations in the past year have higher capacities to remain citable in the future, which provides clues for us to extract the active articles and based on which to detect the lasting influence of journals.
Then the following question is how to find these articles? And can JIF help identify these articles? In other words, whether the calculation of JIF has incorporated these articles? If so, it shows that JIF is not only an effective representative of journal's short-term influence, but also a suitable representative of journal's durable influence.
According to the results of Fig. 2 , articles which got larger citations in recent 1 year could better predict the future citation ability of them. These articles could be regarded as the part of the journal articles which have greater lasting influences. The lasting influence of one journal is the comprehensive expression of the lasting influence of articles. Therefore, it is an effective way to measure the lasting impact of journal by identifying the articles with higher lasting influence and putting forward appropriate indicators on this basis.
Here, a calculation process similar to the calculation of h-index was used to identify articles with lasting influence. In order to distinguish it from the traditional h-index, the index given in this study is recorded as h 1 -index. The traditional h-index is calculated by all citations the article got from its publication year, while the h 1 -index only considers the citations obtained in the statistical year. Taking year 2016 and journal A for example, all the articles in journal A were ranked by the citations they obtained in 2016. Then, an h 1 -index value of the journal is obtained if there are h 1 articles that have been cited at least h 1 times in 2016. And the articles which have been cited at least as the value of h 1 -index were extracted and taken as active articles in that year. These active articles would be continued to get larger citations in future, as discussed in Fig. 2 . Vinkler (2009a Vinkler ( , b, 2017 stated that there may be only a relatively small part within each publication set which would contain most relevant information. He named the most cited part of a publication set as elite or core set and proposed several indicators, such as -index (Vinkler 2009a, b) and P v index (Vinkler 2010) to approximate the size of the elite set. To test whether the number of active articles selected based on h 1 -index meets the size of elite set, we compared the number of active articles selected in each statistical year with the approximate size of elite articles estimated by the two indexes in the same year. It is found that the number of active articles selected in each statistical year for the three sample journals is less than the size of the core set estimated by -indexs. Compared with the core set size estimated by P v index, the number of active articles selected from Information and Management is slightly larger than the estimated value, but the number of active articles selected from the other two sample journals is smaller than the estimated value. This shows that the active articles selected according to the h 1 -index can represent the core part of the journal articles. Table 2 shows the there is a high correlation between the number of active articles selected from three sample journals and the size of the core set estimated from the two indicators proposed by Vinkler (2009a Vinkler ( , b, 2010 . Considering the calculation process of selecting active articles based on h 1 -index, the selected active articles are those that contribute to the latest relevant knowledge of the journal.
Here, we continued to take the three journals of Online Information Review, Information and Management and Journal of Informetrics as examples to explore the distribution of the publication year of articles satisfying the h 1 -index. Articles which got citations with at least the number of h 1 -index in 2016 and 2017 respectively were selected to complete the experiments. Figure 3 shows the cumulative ratio of these active articles as a function of their publication year, that is, the year in which they were published. It can be seen that the publication years of these articles cover a very long time interval. From the articles published in the distant 30 years ago to the publications in recent years, these articles survived to maintain lasting influences by obtaining more new citation opportunities. In fact, recently published articles account for a very small proportion of the selected active articles. Taking the active articles selected from the three sample journals in 2016 as an example, only 8.5, 7.7 and 12.7% of the active articles were published in {2014, 2015, 2016}. Because the calculation of the JIF only examines the citations of the last 2 years of publication, these selected active articles in 2016 are obviously not well examined by the JIF calculation process. In other words, JIF fails to identify active articles in journals because of its limitation in short-term evaluation period. By comparing the active articles selected in 2016 and 2017, we found that most of the active articles selected in 2016 are still active in 2017. It further shows the lasting influence of these active articles in future although most of them were published longer ago.
Conclusion 1
The h 1 -index can identify articles with lasting influences. JIF fails to identify active articles in journals because of its limitation in short-term evaluation period. Question 2 Which indicators or whether there are indicators can measure the long-term impact of journals?
The age characteristics of active articles represent the persistence of journal influences to a certain extent. The more old articles included in the active articles, the longer the impact of the journal. Therefore, the age characteristics of active articles can be used as a quantitative representation of the long-term influences of journals. Therefore, based on the active articles identified by h 1 -index, this paper proposed several indicators associated with the age characteristics of the active articles to measure the long-term impact properties of journals.
1. Average age (AA) of the active articles: AA is used to represent the average age of the active articles. The age of an article refers to the time distance from the year of publication to the statistical year. Taking article p as an example, assuming that its publication year is 1998 and the current statistical year is 2010, its age is 2010 − 1998 + 1=13. 2. Weighted average age (WAA) of the active articles: WAA is the weighted average age of the active articles. In each statistical year, the citation frequency obtained in the statistical year is used as the weight of the age of the article. Then the WAA of a journal in one statistical year is calculated as the average weighted age of all active articles published in the journal. Taking article p which was published in 1998 as an example, assuming that p was cited 15 times in 2010, 15 will be taken as the weight of its age 13 in 2010. The value of WAA of one journal in 2010 is the average weighted age of all active articles selected in 2010 in this journal. 3. Largest age (LA) of the active articles: LA denotes the largest age of the active articles in the statistics year in one journal. 4. Age of articles with largest citations (LCA): LCA represents the age of the article which has got the largest citations in the statistics year in one journal.
On the basis of the active articles in each statistic year, all the four indicators of AA, WAA, LA and LCA for 36 journals in the 10 years from 2008 to 2017 were calculated. These four indicators describe the age characteristics of active articles from different perspectives and are expected to provide more quantitative references for assessing the long-term impact of journals. However, due to the lack of quantitative indicators for the long-term impact of journals, it is difficult to verify the ability of these indicators to represent the long-term impact of journals. And finding the effective quantitative indicators is the task of this study. Here, we turn to examine which indicators would have relatively reliable and stable abilities to measure the total impact of journals. Vinkler (2004 Vinkler ( , 2009a stated that the total number of citations obtained in a special year to all papers published at any time in a journal, may characterize the total impact of that journal on recent publications of the corresponding field. Thus, we extracted the total number of citations obtained in each statistical year for each journal, which is recorded as TC in this work, and calculated the correlation between the proposed indicators and TC. In order to make a comparison, this paper also examined the correlation between three traditional impact indicators (JIF, IF5 and CHF) and TC to test whether the proposed indicators can well express the impact of journals. Table 3 shows the correlation results between indicators and the journal's total impact for the three sample journals. The experimental results show that among the three sample journals with great differences, the h 1 -index and the four age characteristics of active articles are highly correlated with TC, showing that these indicators can steadily represent the total impact of journals. Among the three traditional indicators, only the index of CHF has a high correlation with TC. The index JIF doesn't show a good effect in reflecting the total impact of these three journals. Indicator IF5 is highly correlated with the total impact of one sample journal, but cannot better characterize the total impact of the other two sample journals.
Because the four age-based indicators are all extracted from the active articles which would be continually active in the future, they provide quantitative representation on the durable influence of these articles as well as the journal that the articles published in. Given the considerable correlation between these indicators and the total impact of journals, these indicators can serve as effective quantitative indicators of the long-term impact of journals.
Conclusion 2 The indicators associated with the age characteristics of the active articles can represent the long-term impact of journals.
So far, we have verified the validity and reliability of these indicators in only three sample journals. However, different journals have many different characteristics, such as different impact factors and different ageing characteristics. The following survey will help to answer whether these indicators are still stable for journals with large differences in impact factors or in ageing characteristics.
Question 3 Are these indicators still applicable to journals with different JIFs and different ageing characteristics?
In order to find out whether the proposed indicators are still effective and stable impact indicators for journals with different impact factors, all 36 journals are classified into four different journal impact factors quartiles based on the 2017 version of JCR.
The JIF quartile is one product provided by JCR to make yearly rankings of journals in the subject categories relevant for the journal based on the Impact Factor data of journals. It is the quotient of a journal's rank in category (X) and the total number of journals in the category (Y), so that (X/Y) = Percentile Rank Z. JIF quartile rankings are therefore derived for each journal in each of its subject categories according to which quartile of the IF distribution the journal occupies for that subject category. Q1 denotes the top 25% of the IF distribution, Q2 for middle-high position (between top 50% and top 25%), Q3 middle-low position (top 75% to top 50%), and Q4 the lowest position (bottom 25% of the IF distribution).
It should be mentioned that the value of CHF will be uniformly assigned as > 10 in JCR when it is greater than 10 years, which makes it impossible to quantify the relationship between CHF and TC. For this issue, we introduced the physical citation model proposed by Yu and her collaborators (Yu et al. 2005; Li 2007, 2010) to where T 1 is the aging time parameter related to the obsolescence of articles in one journal, which refers to the average aging rate of articles in this journal. T s is the publishing time constant related to the average publication delay of citing articles. T s = N/Y, N is the deposited contribution quantity of the journal at steady state; Y is the quantity of articles published in the journal per year. is the publication pure delay related to the review delay of citing articles. T 0.5 is the value of CHF. Based on the "Journal cited data" for each journal collected in JCR from 2008 to 2017, it is easier to calculate the cumulative citation rate distribution for each journal in each year from 2008 to 2017. Taking the cumulative citation rate distribution function, as shown in Eq. (1), to fit the journal's actual cumulative citation rate distribution, the three ageing time parameters of T 1 , T s and can be deduced. The value of CHF can also be calculated by Eq. (2) once the three ageing time parameters have solved. For journals with a total citation count of less than 500, it is neither reliable nor stable for these journals to calculate the CHF value by using the cumulative citation rate formula. This is why we excluded journals with less than 500 citations when we selected journals. More detailed calculation process of CHF can be found in Li (2007, 2010) .
Tables 4 shows the correlation results between various indicators and TC of journals classified into the first JIF quartile of Q1. Due to the limitation of the length of this paper, the results of journals in JIF quartile of Q2, Q3 and Q4 are shown in the Supplementary Material. It should be mentioned that there are only two journals, J-35 and J-36, belong to the fourth JIF quartile Q4. Without loss of generality, these two Q4 journals were discussed together with the six Q3 journals. Thus, there are two tables of Tables S1 and S2 in the Supplementary Material to show the results.
From For the first 28 journals classified to Q1 and Q2 shown in Table 4 and Table S1 , the correlation between h 1 -index and TC is always the highest, and the average value of correlation is higher than 0.9. The other three newly proposed indicators, LA, WAA and AA, also have a high correlation with TC; the correlation values are higher than that of the traditional three indicators. For the 6 journals located in Q3 and Q4 shown in Table S2 , the correlation between LA and TC is the highest; the correlation between h 1 and TC is closely followed, ranking second. AA and WAA also have a considerable and stable correlation with TC, and the correlation value is higher than that of the traditional three indicators. The correlation between LCA and TC is less than CHF on average, but is still superior to the other two traditional indicators of JIF and IF5. Therefore, regardless of which JIF quartiles the journal is divided into, the impact indicators extracted
from the active articles, especially the first four indicators of h 1 , AA, WAA and LA, have a higher and a more stable correlation with TC. For journals with different ageing characteristics, do these newly proposed indicators still maintain a high correlation with the total citation of the journal? To answer this question, the 36 journals collected were divided into four groups based on the value of the cited half-life (CHF) during the decade (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) . A1 (CHF ≥ 10): A1 includes the journals with CHF values larger than 10 years; A2 (5 < CHF < 10): A2 includes the journals with CHF values between 5 and 10 years; A3 (CHF ≤ 5): A3 includes the journals with CHF values smaller than 5 years; A4 Those journals whose CHF spans at least two time intervals are classified into the fourth group.
Because most of the 36 journals in the field of Library and Information Science are divided into sections A2 and A4, the results of the correlation between each indicator and TC for journals in these two intervals were given as Tables 5 and 6 in this work. The results of the correlation in the other two intervals of A1 and A3 were given in Tables S3 and S4 in the Supplementary Material to reduce the length of the paper. It should be mentioned that Table S3 shows the correlation results between each indicator and TC for journals with the value of CHF larger than 10 years. As mentioned above, the value of CHF is uniformly labelled as > 10 for these journals in JCR. In order to quantify the correlation between CHF and TC for these journals, we used the physical citation model proposed by Yu and her collaborators (Yu et al. 2005; Li 2007, 2010) to calculate the actual value of CHF.
The results in Table 5 and Table S3 show that the four proposed indicators of h 1 -index, AA, WAA and LA get higher correlation with TC than that of the three traditional indicators. Results in Table 6 show that all the indicators extracted from the active articles have a significant correlation with TC. For journals in Table S4 , the correlation value between the proposed indicators and TC is lower than that of journals divided into the other ageing intervals. However, they also achieved an objective correlation with TC. Therefore, for journals with different ageing characteristics, the indicators extracted from the active articles, especially the first four indicators h 1 , AA, WAA and LA, have got better and more stable correlation with TC compared with the traditional impact indicators. Although the three traditional indicators (JIF, IF5 and CHF) are highly correlated with TC of many journals, the correlation between these indicators and TC is not stable, and there are significant fluctuations among different journals. This leads to a low average correlation between these indicators and TC.
Combining the results got from journals with different impact factors, it is easy to conclude that the indicators extracted from the active articles get better and more stable Because the publication year of these active articles would span a very wide time interval, which exceeds the ageing interval determined by CHF and far exceeds the time interval used to calculate IF, the indicators extracted by these active articles are more reflective of the long-term influence of journals. Relatively speaking, JIF can only reflect the influence of articles published in the past 2 years in a journal, which could be a good indicator for predicting journals' short-term influence, but never for predicting a longer-lasting influence of journals. Then the next question we concerned is that whether there are some journals with good short-term attractive strategies can build long-term influence simultaneously?
Question 4 Are there any journals with good short-term attractive strategies that can build long-term influence?
From the above discussion, the average age (AA) of active articles serves as one effective representation of the journal's total impact, ranked after h 1 -index and LA. The value of h 1 shows the overall quality of the active articles in one statistics year for one journal. And LA denotes the largest age of the active articles. Although both of these two indicators get a higher correlation with TC than that of AA, they cannot stand for the average life span of the active articles in one journal. In comparison, AA reflects the average age of articles that are currently active and will continue to be active in the future, which provides more valuable and direct information for exploring the durable influence of journal articles. Therefore, the following experiments investigated the relationship between AA and JIF to detect how the average age of the active articles in a given journal changes with its impact factor. One could expect if the AA scales with increased impact factor, it means that the journals with higher short-term impact (measured by JIF) can still have a longer sustained impact (measured by AA).
In each statistics year, the average value of JIF and AA for the 36 journals were calculated, and the journals were then classified into four quarters based on the distance of each journal's JIF and AA from the average: Quarter 1 (the value of JIF and AA are both greater than the average), Quarter 2 (JIF ≤ average and AA > average), Quarter 3 (JIF ≤ average and AA ≤ average), and Quarter 4 (JIF > average and AA ≤ average). Taking Obviously, different journals perform differently on JIF and AA. Some journals have higher AA, but there is no higher JIF, such as journals classified in Quarter 2. And vice versa, some journals have higher JIF, but they do not have a higher AA at the same time, as shown in the journals classified in Quarter 4. These journals either have a high shortterm impact or only have a high sustained impact. There are also some journals that perform poorly both on JIF and AA, such as journals classified in Quarter 3. In contrast, journals classified in Quarter 1 have both higher JIF and higher AA. It indicates that articles published in these journals have a strong short-term attractive capacity, which brings the journal a relatively higher JIF. At the same time, the articles in these journals also have considerable long-lasting influences. By detecting the classification results for the 36 journals in the 10 years from 2008 to 2017, we extracted all the journals which have been classified into the Quarter 1. Table 7 shows the detailed information of these journals, as well as the frequency of these journals been classified into Quarter 1 in 10 years.
There are 13 journals that have been classified into Quarter 1 in the 10 years (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) . But they are diverse in the frequency from one to ten. The journals of "MIS Quarterly" and "Information Systems Research" are the most stable journals with high value of JIF and AA simultaneously in all of the 10 years. The following journals and "scientometrics" have also shown both the good short-term attractive strategies and the long-term influence with considerable frequencies of 7, 6, 5, and 5 times, respectively. These eight journals can be viewed as relatively stable journals with higher JIF and higher AA values. That is, these journals have a high impact factor, which can help them attract more readers and better manuscripts. At the same time, the articles published in these journals have a relatively longer life cycle and would make a relatively long-lasting contribution on the related research fields.
Conclusion 4
Journals with a high short-term attractive strategy (represented by a high JIF) could also have a high long-term influence (represented by a high AA).
Conclusions
In this article, we mainly intend to establish indicators to assess the long-term impact of journals, with the aim of adding more effective information on journal evaluation. In response to this goal, this paper proposes four related issues and hopes to find appropriate indicators to measure the long-term impact of journals by gradually addressing these issues. It can ultimately provide a reference for a more comprehensive assessment of the impact of journals. Taking 36 journals under the "Information Science and Library Science" subject catalogue as experimental samples, the four questions were solved gradually. The h 1 -index of one journal in one statistic year was first calculated by sorting the citations the articles obtained in the same year. Then a list of active articles was detected which were cited at least the number of h 1 -index. These articles are not only active in the current period, but also have the ability to sustain active in the near future, providing valuable clues to investigate the long-term impact of journals. Four indicators, including AA, WAA, LA, and LCA, were extracted from these active articles to reflect the age characteristics of these articles. Since the length of publication of these articles far exceeds the time interval for calculating JIF and CHF, the age characteristics of these articles provide a more reliable indicator of the long-term impact of journals. By using the journal's total citation (TC) as a representation of the total impact of the journal, we measured the correlation between the indicators extracted from the active articles and TC, and compared this correlation with that of the traditional journal indicators of JIF, IF5 and CHF. We found that the impact indicators extracted from the active articles, especially the first four indicators h 1 , AA, WAA and LA, have a more significant and more stable correlation with journal's TC. This shows that these indicators can well represent the total impact of journals. At the same time, because these indicators are derived from articles with sustained activities, these indicators can be used as an effective representation of the journal's lasting influence. Among these indicators, the average age (AA) provides direct information on investigating the average age of the active articles, which is used to be the quantify measure of long-term influence of journal articles. By examining the relationship between AA and JIF, we found that different journals perform differently on JIF and AA. Among the 36 sample journals, eight journals are relatively stable to have both higher values of JIF and AA. These journals have a high JIF to attract more researchers. At the same time, these journals have a longer-lasting influence to make contribution to related researches.
Specifically, through the analysis of 36 sample journals, we got the answers to the above four questions.
Conclusion 1
The h 1 -index can identify articles with sustained influence. JIF fails to identify active articles in journals because of its limitation in short-term evaluation period. Conclusion 2 The indicators associated with the age characteristics of the active articles can represent the long-term impact of journals. Conclusion 3 The indicators extracted from the active articles, especially the first four indicators h 1 , AA, WAA and LA, are suitable for expressing the impact of journals, regardless of whether these journals have different impact factors and different ageing characteristics. Conclusion 4 Journals with a high short-term attractive strategy (represented by a high JIF) could also have a high long-term influence (represented by a high AA).
Therefore, this work has found some interesting indicators to characterize the long-term influence of journals. Although it is too early to state that these conclusions can be directly applied to the effective evaluation of the journal influence, our experimental results provide valuable references to detect the lasting influence of journals to some extent. And it is worth mentioning that the indicators proposed in the present study are not intended to replace the JIF-based analysis for assessing the impact of research, but rather as indicators which can give more supplementary information referring to the durable influence so as to make a more feasible and a more comprehensive measure on journal's quality.
